3
Recently published guidance from NICE highlights that antibiotic prophylaxis is no longer required for patients with structural heart disease at risk of infective endocarditis. The American Heart Association has published similarly less interventive guidance. Individuals with pulmonary arteriovenous malformations and hereditary haemorrhagic telangiectasia are at risk of brain abscess from dental bacteraemias. In this article we explore why these patients do not fall into the groups considered by NICE and provide recommendations to reduce their risks of dental bacteraemias, including optimising dental hygiene and use of antibiotic prophylaxis prior to dental procedures.
Dental bacteria can cause endocarditis or other infections following dental bacteraemias induced by interventional dental procedures. The recently published NICE guidance on prophylaxis against infective endocarditis has been widely disseminated. 1 In the UK, the Chief Dental Offi cer 2 and Medical Defence Union 3 have published specifi c advice for dental practitioners highlighting that antibiotic prophylaxis is no longer required for adults and children with structural heart disease at risk of infective endocarditis. Similar conclusions were reached by the American Heart Association. 4 Patients with pulmonary arteriovenous malformations (PAVMs) and hereditary haemorrhagic telangiectasia (HHT) are also at risk of sequelae from dental bacteraemias. PAVMs are usually silent vascular abnormalities in the pulmonary circulation that result in a right-toleft shunt ( Figs 1A and B) . PAVMs most commonly occur in association with HHT (Osler-Weber-Rendu syndrome). 5 This relatively rare genetic condition is recognised classically by recurrent nosebleeds, characteristic mucocutaneous telangiectasia (Fig. 1C) and anaemia due to chronic haemorrhage from nasal or gastrointestinal telangiectasia (Fig.  1D) . Screening programmes in asymptomatic individuals indicate that PAVMs affect almost 50% of HHT patients. 6 For patients with PAVMs and HHT, there is a link between oral bacteria and PAVM-associated brain abscess. Antibiotic prophylaxis has been recommended for them based on the endocarditis paradigm, 7 with the British Society for Antimicrobial Chemotherapy and Dental Formulary Sub-Committee approving a PAVM-specifi c card in 2000 (Fig. 1F) . The evidence for an association between oral micro-organisms and brain abscess was strengthened by a recent manuscript. 8 The majority of organisms isolated from brain abscess aspirates were microaerophilic and anaerobic bacteria commonly and often specifi cally isolated in periodontal infections. In contrast to cardiac patients with infective endocarditis, a high proportion of the PAVM brain abscess group had experienced identifi able events known to be associated with bacteraemia in the weeks preceding their abscess. 8 In view of the endocarditis recommendations, what should happen now for PAVM patients?
First, it is important to consider the three sets of reasons why the recommendation for antibiotic prophylaxis was withdrawn for patients at risk of endocarditis: i) There is no evidence that prophylactic antibiotics prevent bacteraemias 9,10 and only limited evidence from experimental models that prophylactic antibiotics reduce endocarditis incidence 10 ii) The intensity of bacteraemias during everyday tooth brushing may exceed those from dental procedures 11 iii) There are fi nancial implications and medical risks (particularly anaphylaxis) to treating large numbers of
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people with antibiotics when each individually is at a low risk of endocarditis.
Next, it is important to recognise that the NICE committee and AHA did not consider people with PAVMs at risk of brain abscess.
Third, it is essential to consider the differences between the two groups of patients. The risk of brain abscess for an HHT/PAVM patient is several orders of magnitude higher than that for heart patients at risk of endocarditis. Excluding individuals whose PAVMs were diagnosed because of a brain abscess, 9.05% (19/210) of patients in a recent series developed brain abscesses between the ages of 9 and 70, with a 500-fold relative increased risk compared to the general population between the ages of 45 and 54 years. 8 Furthermore, the mechanisms are subtly different. For heart patients, structural abnormalities are thought to provide favourable conditions in which micro-organisms may adhere and multiply, prior to the rapid clearance of bacteraemias from the blood stream. 9, 10 In contrast, for PAVM patients the predisposing event is likely to include a prolonged bacteraemic period, since blood passing through the right-to-left shunt provided by PAVMs (Fig. 1B) will have reduced exposure to the capillary bed reticuloendothelial cell system. In addition, HHT/PAVM patients may have increased susceptibility to the initial bacteraemias or the subsequent pathogenic steps compared to the non-HHT population in which dental bacteraemias were studied.
For these reasons we suggest that:
• Antibiotic prophylaxis should still be given to PAVM/HHT patients
• All PAVM patients and their families should pursue strategies to optimise dental hygiene (known to reduce the risk of dental bacteraemias of all causes)
• Further research on susceptibility of the HHT population to dental bacteraemias is warranted.
Antibiotic considerations
The best choice of prophylaxis for patients with PAVM/HHT should refl ect the organisms that pose the greatest risk.
Traditionally oral bacteria and particularly the viridans group of streptococci associated with endocarditis have been predominantly sensitive to penicillin. 12 This made amoxycillin a good choice. However, we are now faced with increased antimicrobial resistance and in this setting, a poly-microbial fl ora associated with brain abscesses. It is therefore more appropriate to consider agents with a broader spectrum. While no single agent is likely to provide comprehensive cover, a strong contender is co-amoxyclav. This would provide cover for not only the majority of the viridans streptococci but also the fastidious gram negatives and anaerobes, many of which now produce β-lactamases.
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In the case of individuals who are allergic to penicillin, antimicrobial susceptibility patterns suggest that clindamycin would be a good choice. Efforts should be made to ascertain the extent and nature, including antimicrobial susceptibilities, of bacteraemia associated with dental manipulations in this patient group. Until then it would appear then there is a strong case for continuing to provide targeted prophylaxis to provide the best protection for this group of patients. These issues should be discussed and debated by the HHT/PAVM clinical community. 
